It is known that the spreading factor has a pronounced effect in increasing the permeability of the skin connective tissue, as is shown by the enhancement of infections3 and the spreading of colored solutions or suspensions when the infectious agent or the colored matter is injected intradermally along with spreading factor from various sources, such as extracts of mammalian testes,"' 12 invasive bacteria,7 snake4 and other animal' venoms, leech extracts,' etc. Adequate injections of colored solutions or suspensions mixed with spreading factor into muscles, tendons, the walls of stomach and intestines, etc. result, too, in a pronounced spreading.5' 8 Therefore, we are dealing with a general phenomenon affecting the connective tissues of many organs. On the other hand, several facts have been disclosed showing that the permeability of the vascular system can be locally or generally increased by means of preparations7 rich in spreading factor. Such facts can be grouped as follows: (a) Local increase of the capillary permeability from without.
Viruses3 and dyes4 injected intravenously in the rabbit are promptly localized in the areas of skin injected with extracts of testicle and snake venom respectively.
(b) Local increase of capillary permeability from within.
A practically immediate "preparation" of the tissue for the occurrence of the Shwartzman phenomenon is obtained when the active bacterial filtrate mixed with testicle extract is injected into the vascular system of the rabbit ear in which circulation has been temporarily stopped.'4 Filtrate alone, or mixed with a variety of other substances known to be active on blood vessels, has no such effect.
(c) General increase of capillary permeabilty from within.
Preparation of the kidney for the Shwartzman phenomenon is obtained when the active bacterial filtrate mixed with testicle extract is injected intravenously. In such case the responsible testicle factor has presumably exerted an action on all blood capillaries, but only those of the kidney, due to inherent conditions of its own vascular system, have shown the typical hemorrhagic reaction on reinjection of the filtrate."5
When testicle extract, an extract of invasive staphylococcus, or rattlesnake venom is injected intravenously in the rabbit and then vaccine virus or India ink is injected intradermally a more pronounced lesion12 or a larger spread4'7 will result. If the rabbit has been prepared for a period of three weeks by several intravenous injections of testicle extract and as late as two weeks after the last dose the skin is injected with vaccine virus a markedly spreading lesion ensues.13 This was accidentally found by Parker and Rivers and was interpreted by them as due to the action of the spreading factor. This finding is interesting, since it shows that a state of generally increased capillary permeability, presumably induced by the spreading factor, can last for a considerable period.
When rabbits bearing in their skin large lesions produced by invasive strains of staphylococcus-very active producers of spreading factor-are injected, into distant areas of the same organ, with suspensions of India ink a spreading of the injected material takes place. The same phenomenon is observed in rabbits bearing pronounced staphylococcal lesions in the testes. In the latter case the spreading factor is clearly detected in the blood. 7 Repeated observations have shown that there is always a parallel between the degree of increase of connective tissue permeability (skin spreading) and the degree of increase of vascular permeability (skin localization). This is especially true in the case of the highly purified and very active preparations of testicle extract. Although a final statement on the matter must await the chemical isolation of the active pure fraction, one may temporarily assume that the effects on the connective tissue and on the blood capillaries are manifestations of the same substance or of two substances very closely linked.
In the present investigation we have studied the effect on the whole capillary system of active preparations from testide by injecting them, together with dyes, intravenously and judging the effect on the permeability of the blood capillaries by the degree of discoloration shown in the corresponding tissues.
Materials and Methods
Testicle extract: Purified preparations of bull testes, prepared by a method previously described,2 were generally used. The fresh gland, trimmed of its membranes, is passed through a meat-grinder. It is then extracted with an equal volume of 0.1N acetic acid and the mixture is left standing over night in the refrigerator. After filtration through paper, the spreading factor is precipitated by 4 volumes of acetone and the precipitate is washed in a Buchner funnel with more acetone until free of water. After drying in air the yield of dry powder amounts to from 1.15 to 1.50 gm. per 100 gm. of fresh tissue. The powder is only partly soluble in H20, but practically all the spreading factor goes into solution on extraction with this solvent. The powder, kept in the refrigerator, is extracted with saline solution, generally at the ratio of 1:10. When it is prepared for use, the mixture is centrifuged and the supernatant fluid used. When tried on the rabbit skin such preparations still caused spreading of the India ink at dilutions of 1:100,000. In some experiments rat testes from recently killed animals were ground with sand in 3 or more volumes of saline. The resultant pulp was centrifuged and the supernatant used. Whatever extract was used, prolonged centrifugation and elimination of any suspended particles by filtration was found necessary to obtain preparations devoid of toxicity on intravenous injection.
Dyes. Three azo dyes have been employed: T.1824,* acid, rather heavy and poorly diffusible, manufactured by Eastman Kodak Co.; Congo red, also acid, and poorly diffusible; and Bismarck brown, basic, very diffusible. The three dyes were used diluted in saline at the ratio of 1:100.
Animals: Mice from the Swiss and the Rockefeller Institute strains and guinea-pigs have been used.
Method: The solution of dye was injected intravenously in mice or guinea-pigs, either mixed with testicle extract or at different intervals after injection of the latter. The animals were killed by decapitation or by chloroform at varying periods after injection. They were autopsied immediately and the degree of tissue discoloration was studied while the organ was immersed in water. The strong blue color of T.1824 allowed accurate comparative observations. When Congo red was used tissue discoloration was studied before and after immersion in a normal solution of HCl. Under the influence of the acid the original red color turns blue and the detection of the dye in the tissue is thus much facilitated.
Experimental
Tests on the permeability of blood capillaries of tissues in general.
In the first part of the investigation determinations were made of the effect of testicle extract on capillary permeability during the * A similar preparation also made by Eastman Kodak Co. is now on the market under the name of Evans blue. first 24 hours after intravenous injection of the extract mixed with dye.
Expernment. In different tests 30 mice, each weighing from 15 to 20 gm., were used. Half of them were injected in the vein with 0.25 cc. of 1:10 purified extract of bull testicle in saline solution mixed with an equal volume of 1 per cent T.1824 solution. As controls, the other half of the mice were similarly injected, using saline solution instead of testicle extract. At intervals ranging from 30 minutes to 24 hours after the injection, pairs of mice from test and control series were killed. Autopsies were done immediately and the degree of discoloration of corresponding tissues of both test and control mice was compared under water.
Results in general can be summarized as follows: The skin of mice injected either with testicle extract or saline mixtures turned slightly blue immediately after injection. However, soon after, the discoloration of the mice injected with testicle extract increased to a deep cobalt blue, while the control mice showed only a pale blue tinge. Such differences were most clearly shown in the ears and pads. Examination of tissues after death showed that as early as 15 minutes after injection the internal surface of the skin, the lungs, muscles, and liver of the mice injected with testicle extract were much more discolored than were the corresponding tissues of the control mice. In other tissues the differences were less constant and less marked. Thus, kidneys showed clear differences in 5 cases, lymph nodes in 6, intestines in 3 cases. In other tissues only occasional differences were found. The central nervous system was never stained in either kind of injected mice.
The above experiments were complemented by some tests in which Congo red, instead of T. 1 824, was used as indicator.
Experiment. Four mice were injected intravenously with 0.25 cc. of 1:10 purified extract of bull testicle mixed with an equal volume of 1:100 solution of Congo red, and the other mice were similarly injected, substituting saline for the testicle extract. The animals were killed either 15 minutes or 18 hours after the injection and the degree of discoloration of the tissue was noted before and after treatment with acid.
The results were the same, in general, as when T. 1824 was used and in some cases even more clean-cut, since tissues of the control mice showed in such instances no discoloration whatever, whereas. a pronounced discoloration was seen in the corresponding tissues of the test animals.
These tests were then repeated with freshly prepared extracts of rat muscle, brain, and spleen. Such tissues are known to have only moderate amounts of spreading factor. Similar extracts from rat testes were also prepared.
Experiment. Muscle, brain, spleen, and testes from rats recently killed were each extracted with 10 or 20 volumes of saline solution. In different tests, approximately 25 mice were injected in the vein with mixtures, in different proportions, of the tissue extracts plus 1 per cent solution of T.1824, while as many controls were injected with the dye plus corresponding amounts of salt solution. The amounts of tissue extract varied from 0.1 to 0.4 cc. and the amount of dye from 0.1 to 0.3 cc. The injected mice were killed after 2 to 4 hours following injection. The results can be summarized as follows: Shortly after inoculation the skin of most mice injected with testicle extract mixtures became bluer than did the skin of the corresponding controls, and when the mice were sacrificed the tissue of those injected with testicle extract mixtures showed more pronounced discoloration than did the corresponding tissues of the control mice. The differences were analogous, although not so marked, to those described in the foregoing experiments in which purified testicle extract was used.* On the contrary, mice injected with dye mixed with extract of muscle, brain, or spleen did not show any increased discoloration when compared with corresponding tissues of. the control animals.
Such tests justify the conclusion that bull or rat testicle extract injected with solutions of T. 1824 or Congo red enhances the speed of passage of the dye from the circulation to the tissues, as judged by their more pronounced discoloration as compared with that shown by tissues of mice injected with dye alone. This effect is generally apparent within from a few minutes to 24 hours after injection.
The Experiment. Each of 6 mice was prepared with 0.3 cc. of 1:3 extract of freshly obtained rat testicle. There were 6 controls. These mice were injected daily for 5 successive days with 0.1 cc. of 1 per cent T.1824. In every case the tissues of the mice prepared with testicle extract looked much bluer than did those of the corresponding controls. Such differences were very conspicuous in the liver, kidneys, intestines, and lymph nodes; less so, although quite marked, in skin and muscles. Experiment. Nine mice were prepared with 0.25 cc. of 1:10 purified extract of bull testicle. These, with 9 control mice, were injected on the following days with 0.25 cc. of 1 per cent T.1824. External examination of the mice shortly after injection showed that up to the 4th day the skin of the mice prepared with testicle extract turned much bluer than did the skin of the control mice. However, when the mice were sacrificed 24 hours later no differences in tissue discoloration of the 2 groups were found, except in the skin of ears and pads which were more discolored in the mice prepared with testicle extract. From the 4th to the 7th day no more immediate differences were found after the injection of dye, and autopsies 24 hours later showed that the tissues of the control mice were actually more discolored than were corresponding tissues of mice injected with testicle extract. From the 7th to the 10th day no differences of any kind were observed between mice of both groups.
Experiment. Eight mice, prepared with 0.25 cc. of 1:10 purified extract of bull testicle, and as many controls, were injected on the following days with 0.25 cc. of 1:100 T.1824 solution. During the first 4 days the skin of the mice prepared with testicle extract turned bluer than did that of the controls shortly after the intravenous injection of dye. After this time no more immediate external differences were noticed. The differences in the discoloration of tissues when the mice were sacrificed 24 hours later are expressed in Table I .
The results as presented in the table and the other two experiments described above show that following an intravenous injection of bull or rat testicle extract into mice, a dye injected by the same route within the 4 or 5 succeeding days migrates from the blood into the tissues much faster than when the dye alone is injected. After this time the results obtained suggest that for a period of 2 or 3 days the dye is present in less amount in tissues of those mice receiving the testicle extract than in those of the controls, but in order to reach a final conclusion on this complex point more work is required. After the 7th day no difference could be noticed in the amount of dye present in the tissues of mice of both groups.
Tests on the perneability of the blood capillaries of the central nervous system. In the experiments described above the central nervous system of the mice injected, with or without testicle extract, was practically never stained by the dyes used-Congo red and T. 1824, two acid dyes. It has been shown by Friedemann10 that all basic anilin dyes, with the exception of safranine, stain the brain when injected in small amounts, while acid dyes do not stain this tissue at all or only when large amounts are injected. Trypan blue, a dye similar to T. 1 824 and Congo red, falls into the latter group.
It was desirable to know whether testicular extract also enhanced the passage into the central nervous system-of basic dyes having under normal conditions an affinity for it.
Experiment: In preliminary tests mice were injected intravenously with 0.4 cc. of 1 per cent solution of Bismarck brown and killed by chloroform at different periods ranging from a few seconds to 24 hours. The brain appeared most stained when the mouse was killed immediately after injection and was colorless when killed after 24 hours.
Nine mice were then injected in the vein with a mixture of 1 per cent Bismarck brown and purified extract of bull testicle. The amount of extract used varied from 0.25 cc. to 0.5 cc., the amount of dye from 0.25 cc. to 1.5 cc. Another set of mice were similarly injected with similar mixtures of saline solution and dye. The mice from each series were killed with chloroform in from 5 to 15 minutes after injection. In 5 cases the brain tissue of the mice injected with testicle extract was more discolored than was that of the control animals, while in the other 4 cases no differences were noticed. The differences in discoloration in the 5 positive cases were very pronounced in 2 instances, slightly so in the other 3.
These tests show that testicle extract may enhance the passage of Bismarck brown from the blood into the central nervous system, but apparently the phenomenon is not constant in the mouse. It is difficult to explain such a lack of regularity, although the short duration of the staining of the tissue by such a diffusible dye and the small size of the injected animal may be important contributing factors.
The experiments were then repeated on guinea-pigs, the species used by Friedemann in his tests.
Experiment. Four guinea-pigs, each weighing about 300 gm., were injected in the heart with mixtures of 1 per cent Bismarck brown solution and 1:20 purified preparation of testicle extract. The amounts of each ingredient are expressed in Table II . The animals were killed within 4 to 5 minutes after injection and the central nervous system was exposed. The degree of discoloration of the nervous matter is shown in Table II . It is clear that in every case the addition of testicle extract to the inoculum has pronouncedly enhanced the passage of the injected Bismarck brown from the blood to the central nervous system.
In this experiment, as in the tests with mice described before, paralleling the differences of staining of the central nervous system, some of the other tissues, including fat tissue, of the animals injected with the testicle extract mixtures were more discolored than were the corresponding tissues of the control animals.
Tests on cancer-bearing mice.
The purpose of these studies was to investigate whether the abnormally high ability to localize circulating dyes demonstrated by us' in cancer tissue could be enhanced still further by means of testicle extract. In all the tests carried out in the present investigation special attention was paid to the age of the mice with the view of ascertaining possible differences in the ability of tissues from young or old individuals to localize the circulating dye injected, mixed either with testicle extract or with saline. Moreover, some additional tests were devised in which young and old mice were proportionally injected with dye mixed with saline or testicle extract. No differences were found. It may be worth noting that old mice are apt to have chronic infections or spontaneous tumors. Such processes bring about a pronounced localization of the injected dye in the affected area and its surroundings.'
Discussion
The experiments reported here show that if a dye normally having a staining effect for a given tissue when introduced in the circulation is injected into the blood stream together with testicle extract the staining effect for that tissue is very much increased. This is judged by the more pronounced discoloration of such tissue as compared with the corresponding control when the animals are sacrificed at different periods after injection. The simplest explanation of these facts is that the permeability of the blood capillaries has been increased by the testicle extract, thus allowing a more rapid passage of dye from the blood into the tissues. Which is the active factor in the testicle extract responsible for such effect? In the introduction to this paper we have noted the cases in which several preparations very active in increasing the permeability of the connective tissue exert, also, a pronounced effect on the permeability of blood vessels, suggesting that the spreading factor may be responsible for both effects. The same suggestion seems logical in the experiments here reported. Only extracts from testicle have been found active, while extracts from muscle, brain, and spleen having little spreading factor were inactive. Extracts from bull testes purified from much inert matter but keeping practically all the spreading factor are especially effective in increasing the permeability of the blood capillaries.
The factor from testicle extracts which increases vascular permeability does not alter the specificity or selectivity in the localization of dyes in tissues. Acid dyes, like Congo red or T.1824, which under normal circumstances do not localize or localize but very little in the central nervous system, are not altered in theirn tissue affinities when injected together with testicle extract. On the contrary, the normal staining capacity of Bismarck brown, a basic dye, for the central nervous system is much enhanced by a simultaneous injection of testicle extract. In this respect, too, the active factors behave like the spreading factors acting on skin infections. It has been said16 that the effect of the spreading factor was like the effect of a magnifying device rather than a promoter of new conditions. The same principle would apply, too, to the factor increasing the permeability of blood capillaries. The importance of such effect on the generalization of infection or intoxication seems clear.
If the factor acting on blood capillaries were conclusively shown to be identical with the spreading factor, then the problem of the permeability of blood capillaries could be studied under the light of existing knowledge of the action of the spreading factor on connective tissue. Sumnary
When solutions of acid T. 1824 or Congo red are injected intravenously together with testicle extract the speed of passage of the dye from the blood into the tissues is pronouncedly increased. However, the central nervous system, not stained by these two dyes under normal conditions, remains also impervious to them when injected together with testicle extract.
When solutions of basic Bismarck brown are injected intravenously together with testicle extract the speed of passage of the dye from the blood into the central nervous system is also pronouncedly increased.
